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This invention relates to selective binding and analysis of macromolecules 
with particular, but by nbaus exclusive, reference to quantitative anaiysis-of proteins or 
protein function in complex mixtures. 

Since the c ompletion of the first enkariote Saccharotnyces cerevisiae-, 
genomic sequence databases of entire organisms have become easily available. So far, the 
enormous collection of dka has been mostly utilised to fecilitate the identification of the 
proteins expressed in the \ sell, The entire repertoire of proteins synthetised in a cell is also 
known as proteome. 

\ 

in a typical j aroteomics expetimoat, isolation of tfae proteins from the rest of 
cell extract is followed ty fractionation of the proteome so that less complex protein 
mixtures may be obtained using two dimensional gel electrophoresis (2D-GE) and/or 
chromatographic method* Thereafter, the resulting protein mixtures are digested using 
a proteolytic enzyme (trypsin), generating peptide mixtures which are subsequently 
analysed by mass spectroa Letry. Protein characterisation relies on the use of soft ionisation 
techniques such as matrix a issisted laser desorption ionisation (MALDI) mass spectrometry 
(MS) and electrospray ionisation mass spectrometry (ESI-MS)- 

From the geujwnic sequences it is possible to generate all theoretical proteins 
exptessed at any time (virtual proteome). However, mass spectrometric analysis (either 
using peptide mass finger ( PMF) or using tandem mass spectrometry in conjunction with 
collision induced dissociation (CID)) reveals which gene products are actually being 

synthesised by a cell under a given set of physiological conditions (real proteome). 

i 

Crucial to the fractional analysis of biological systems is the ability to quantify alterations 
in protein abundance resultjing from internal or external perturbations of the cell In recent 

i 
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years, many efforts have been devoted to develop chemical strategics for 
quantitative analysis ofjproteins in complex mixtures. 

The comrajcra strategy involves derivatisation of each set ofprqteins/j 
with isotapic variants of! tie same chemical reagent/label The samples are -then cot 
and differentiated using mass spectrometry afterpurificatioiL This approach is base 
the assumption that thi two sets of isotopically labelled peptides behave ide; 
throughout sample and mass spectromstric analysis. Oda et al intr 

isotopic labelling durin j cell growth by allowing one cell state to grow in 15 N me 
another in 34 N nitrogen 0 Dda Y, Nagasu T, Chait BT ,Nat Biotechnol 2001 Apr; 19( 
82). Comparison between the ion intensities of the peptide incorporating both i 
variants allows relative Quantification between two cell states. The approach is ex] 
and is not applicable to tjjiose types of proteins deriving from cells where introdu< 
isotopic labe?l is difi5cul| In addition, the mass difference between peptide ion i 
causes variations in the jlevel of I5 N incoxporation due to peptide composition, 
methods requires an initial protein identification step prior to the quantification. 

More tecenfly, an alternative strategy based on the selective incorpors 
isotopically label amino acids has been proposed. Martina vie et al (S Martinet 
Veenstra, GA Anderson, : L Pasa-Tolic and RD Smith, J. Mass Spectram. 2002 37:S 



described a method in which proteins were extracted from orgattisms grown in an 



medium or a minimal 
The two protein extracts 
coupled with Fourier 
incorporation of the i 
efficiency of the pro 




to which isotopically labelled leucine (Leu was 
mixed and analysed by capillary isoelectric ifoensing i 
ion cyclotron resonance mass spectwnnetty (FTICF 
cally labelled species shows no effect on the CDBF sep 
and both isotopically labelled and nnlabelled versioi 



specific protean are observed in the same spectrum. The difference in the ma* 



between the labelled and 



balabelled is utilised to determine the number of Leu n 



present in a particular prol bin. A drawback associated with the technique is the hi; 



m 
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t 

of the instrumentation.!'! Pratt and collaborators (JM Pratt, DHL Robertson, SJ Gaskell, I 

t 

Riba-Garcia, Hubbard, K Sidhu, SO Oliver, P Butler, A Hayes, J Petty, R Beynon, 
proteomics 20( >2 ? 2, 15|-163) have reported the use of selective incorporation of leucine 
in conjunction mth proteolytic digestion and MALDI analysis. In. this approach the utility 
of leucine tebe ling h reported as means of enhancing confidence in protein identification 
in peptide mass fi^gerpilntijog (PMF). Because leucine is an abundant amino acid in many 
genomes, raostj peptides] will contain at least one leucine residue. Labelling in vivo with 
the two versions of Leu in each digest fragment renders possible identification of the exact 
number of amino acid j residues within the molecule. The extra information can be 
exploited drain * an idedpfication process which is conducted using a database searching 
engine to reduc ; the search space. In principle the method is amendable to quantification. 

j 

H< >wever s riLganJless of its sensitivity and its selectivity, mass spectrometry 
is still unable t<j> cope with mixtures containing peptides derived from several proteins. 
The presence of many f omponents generates chemical noise which is detrimental to 
detection of those ions {whose chemical features are relatively poorly suited to the 
ionisation method emplo; jnetL Prefeacticmation is applied in-order to resolve a mixture into 
its components.! Of chromatographic techiuques, biotin-avidin affinity capture-release 
based methods * followed by liquid chromatography are highly appealing due to the 
possibility of oh dating tile use of gel electrophoresis (which is known to be unsuitable in 
die analysis of 1c w abidance proteins). Of particular relevance to the present application 
is the isotope cojded affiikty tag (ICAT) technique. In this approach, proteins extracted 
from cells can bej labelled} separated and quantified (Gygi SP, Rist B, Gerber SA, Turecek 
B, Gelb MH, AjpbersoldlR, Nat Biotechnol 1999 Oct;17(10):994-9 and International 
Publication Wo|00/1120js), the contents of both of which are hereby incorporated by 
reference. J . 

Tbeilabel is cjjomposed of three parte: firstly, an affinity tag (typically biotin), 
which is utilised t o isolate sTCAT labelled peptides; secondly* a linker incorporating stable 
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isotopes; ai*d thirdly a {reactive group with specificity towards thiol groups. The biotin 
group is selectively reccjlgnised during the affinity extract step by an avidm moiety attached 
to a chromatographic c&lumou 



10 



15 



25 



moiety typically contains either eight hydrogens (light) or 
deuteriums (heavy), an| provides fbr relative quantification. Hie reactive group having 
specificity towards thiol groups enables the label to react with cysteine residues* The 
overall protocol involves derivatisation of aU proteins present followed by digestion of the 
entire set and al Buity extraction prior to tandem mass spectrometric analysis. Comparison 
of the precursor ions of the two isotopicaUy labelled ion species enables the relative 
abundance of one ion against another to be determined 

i 

Hcjwever a there are a number of problems and disadvantages associated with 
the above descifibed ICAT technique. Firstly, the abundance of cysteine ammo acid 
residues in proteins is reiktively low* Secondly, the reactivity of the thiol specific group 
is not highly specific a!kd> furthermore, side reactions can take place. Thirdly, the 
reproducibility >f the reaction varies from an experiment to another. This hampers 
quantisation, introducing a substantially unquantified variable into the quantitative 
analysis. Additio nally, ion isation efficiency and fragmentation efficiency of the derivatised 
peptides selectee for tandj tm mass spectrometry can be altered by the introduction of the 
ICAT label, the combined effect of these experimental fkctors, together with factors such 
as differences ir retenttdn times for the two sets of isotopic variants displayed under 



chromatographic 
friendly method. 

The 
disadvantages. 



analysis , renders problematic the use of the ICAT procedure as a user 



present) invention overcomes the above named problems and 



11111 
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t:ding[ to a first aspect of the invention there is provided a method for 
mac^moleculea having a lysine ftmctionaJity comprising the steps of: 
pjoviding sample containing one ox more species of macromolecules, each 
having a lysine functiomlity; 

pi oviding ja bindii*g reagent having fhe formula 



or 



X-I^ 

where X is ah a Snity lal! el that selectively binds to a capture reagent, R is a residue group, 
and L is a tinkejr moiety! 

mJrodujcing the binding reagent to the sample so as to affect a guanidination 
reaction between the binding reagent and said one or more species of xnacromolecules^ 



thereby producing one 
op ionally 
to produce fOTtfc er 



binds X. 



more affinity containing bomoarginme derivatives; 

the affinity label containing homoarghune derivatives 
label containing homoarginine derivatives; and 




capturing be raoarginitie derivatives using the capture reagent that selectively 



analysing one 01 



comprising the steps of: 
ding a 



more pr 



According 1 > a second aspect of the invention there is provided a method for 



projvu 



items, protein functions and/or peptides in one or more samples 



Aiding reagent having the formula 



or 



X-NI^C(=NH>OR 
X-L-[ra-C(==NH).OR 
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where X fa an gjffmity latel that selectively binds to a capture reagent, R is a residue group, 
andL is a tf nk *r moiet4 

to troduring the binding reagent to the one or more samples so as to effect a 
guanidination i eaction ^etween the binding reagent and proteins and/or peptides having 
a lysine femctionality!| thereby producing one or more affinity label containing 



I 



homoarginine deriva 



optionally Inodiiying the affinity label containing homoarginine derivatives 
to produce flirtner afSnny label containing homoarginine derivatives; 

capturing affinity label containing homoarginine derivatives nsing the capture 
reagent that sel actively Kinds X; 

and perfbipdng an analysis of affinity label containing homoarginine 



derivatives. 



Thane are a Lumber of advantages associated with this scheme. The method 
is specific to lysine amino add residues, which axe more abundant than the cysteine amino 
acids analysed ia Gygi ej al> abid. Unlike Gygi et al, the method is not subject to side 
reactions, since the e-amino group of the isourea moiety is mare specific than the 
sulphydriJ moiety of Gy^l et aL To date, evidence about conversion of the N-tenninus 



ammo groups is| very 
termmus when g 



, with just a single paper reporting guamdination of the N- 
lycine is|he N terminal amino acid residue. Furthermore, in comparison 
to Gygi et al, the binding ijeagents of the present method provide an increase in iomsation 
efficiency. 



advantages are also sqpplicable to the first aspect of the invention. 



The 



The gtep of modifying the homoarginine derivatives may comprise converting 
proteins present into peptides. This conversion might be performed enzymatically or 
chemically. Alta nativelyjit is possible to analyse the direct product of the guamdination 



I 
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reaction between the taj tiding reagent and a protein "directly", i.e. -without 
fragmentation i >f the protein into peptides ( top-down approach). 



or 



Relative 
proteins may be 



15 or 



T ic proteifi fractions and/or peptides maybe identified by me analysis of the 
affinity label containing homoarginine derivatives. The analysis may comprise the step 
of comparing data generated by an analytical technique with sequence databases. 
Typically, this is perfbrri Led using tandem mass spectrometry (MS/MS). It is also possible 
to interprets data directli. 



pression levels of proteins in two or more samples containing 
Led in a method comprising the steps of: 



providing ajseries of binding reagents having the formula 



X-Nia-C(=NH)-OR 



x-l|jh^c(=nh>or 



aflmity: 



where X is an i 
and Lis a linker moiety, 



masses of the otf er bindii 
introdi 

to effect, in each : sample, e 
having a lysine functional 
label containing i omo 
com 



that selectively binds to a capture reagent, Risa residue group, 
wherein the chemical formulae of the binding reagents in the 



series are identical but eacj i binding reagent in the series comprises a different combination 
of isotopes so tha t the bind ing reagents in the series are isotopically labelled by way of the 
molecular mass rf each llinding reagent in the series being different to the molecular 

reagents in the series; ' 
different binding reagent from the series to each sample so as 
guamdination reaction between a binding reagent and proteins 
thereby producing a plurality of isotopically labelled, affinity 
derivatives; 
fining ttk samples; 
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I 

optionally| converting proteins present in the affinity label containing 
homoarginine derivatives into peptides; 

capturing |f£nity label containing homoargmine derivatives using the capture 



rn 



reagent that selectively (binds X; and 

perfonniiig an analysis of affinity label containing homoarginiae derivatives 
in which the relative abundances of a subset of homoarginine derivatives which differ only 
by virtue of their isotypic labelling are measured, thereby determining the relative 
expression levels of thl protein from which the subset of homoarginine derivatives 
originated. \ 

ii 

I 

In coiyimcuon with the determination of the relative expression levels of the 
proteins, the proteins, protein functions and/or peptides may be identified by the analysis 
of the affinity label containing homoarginine derivatives- The analysis may comprise Hie 
step of comparing data generated by an analytical technique with sequence data. It is also 
possible to interpret© data directly. 



Ad' 

techniques, such as 
analysis may comprise 
with peptide/protein 




, analysis comprises mass spectrometries analysis. Other 
microscopy, might be contemplated. Mass spectrometry 
mass spectrometry. This is especially useful in conjunction 
Lencing (denovo or database assisted), for identifying proteins, 
protein function and peptides. One stage of mass spectrometry is conveniently utilised to 
determine the relative abjindaaces of a subset of homoarginine derivatives which differ 
only by virtue of their H otopic labelling, through comparison of ion peaks in a mass 
spectrum associated with! each bomoarginine derivative in the subset 

The method i nay further comprise tbe step of releasing captured affinity label 

i 

containing homoaxgininei derivatives from the capture reagent prior to the step of 
performing an analysis, j ?he capture reagent may comprise part of a chromatographic 
separation system which separates chemically different affinity label containing 
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homoarginine derivatrvjbs. Conveniently, the chromatographic separation system utilises 
liquid chromatography. However, other methods can be used, such a$ other 
chromatographic separi ition systems. The homoarginine derivatives might be separated 
out in situ through immobilisation on a chip or another solid surface or matrix, in which 
instanceof Step of relea sing captured affinity label containing homoarginine derivatives 
is not mandatory. \ 



Absolute ijjaantification of the proteins and/or peptides may be obtained; 

10 In the first; and second aspects of the invention, R may be a moiety that is 

Conqnitible with the guaiudination reaction* R may be CH 3 , CJH5 or CjELp 

Accordingly a third aspect of the invention there is provided a reagent four 



15 



selectively binding mact omolecules having a lysine functionality having the formula 



or 




C(-NH>OR 



-C(=NH>OR 



20 where X is an affinity labfel that select! 
and L is a linker moiety. J 



compatible with, the guariii 



ively binds to a capture reagent, R is a residue group, 
X may be biotin or a modified biotm. R may be a moiety that is 
dilation reaction. R may be GH*, Cft or C^Elj. 



Methods and reagents in accordance with the invention will now be described 
2S with reference to the accompanying drawings in which:- 



Figure 1 



shows the guanidination of lysine into homoarginine; 
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Figure 2 
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Figure 3 



Figure 4 



Figure 5 | 



Figured 
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shows the guanidinalion of a lysine containing 
macromolecute into a homoarginine derivative using a 
binding reagent; 

shows a scheme for quantifying differential protein 
expression; 

shows an alternative form of a binding reagent; 
shows a reaction scheme for preparing a binding 



shows a LC/ES-MS analysis of lysine terminal standard 
peptides treated with O-methylisourea, Selected ion 
monitoring (SIM) of four marker-ions is performed 
selecting the singly and doubly charged ions of lysine 
(K) and its corresponding hoxnoarginine terminal 
peptide (EC*), (a) 35 pmole of interleukin JM+2HT and 
[M+H] 4 " at 503J2 and 1005.4 are indicated with 2+ and 
1+ respectively. (b) 50 pmole of AFLDASK 
[M+2HFJ 2 * and [M+H] + at 376.25 and 75L25 are 
radicated with 2+ and 1+ respectively. The arrows 
indicate the expected retention times of the unmodified 
lysine containing peptides; 

* 

shows a LC/ES-MS analysis of an equimolar mixture of 
interleukin (K, 12.5pmole) with its guanidinated 
counterpart (K*,12.5pmole) acquired in selected ion 
monitoring. Doubly charged ion signals are indicated 
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with +2 while singly charged ion signals correspond to 
+1, (b) SIMLC/ES-MS analysis of a equimolar mixture 
' of20pmoleofAH^ASKwithAIIJ>ASK*; 

shows a LC/ES-MS analysis of a solution containing 
equal amount (15 pmole) of ALFDAJ5BC, AFLDASR 
and the homoargroine tenninal analogue AFLDASK*. 
The lysine terminal peptide is eluted first followed by 
the axginine terminal counterpart. SIM analysis of all 
six ions indicates that the honxoarginine terminal 
peptide ions are the dominant signals in the MS 
chromatogram regardless of the charge state selected; 
and 

shows an isocratic separation of a solution containing 
equal amount (3 1 Jpmole) of AFLDASK, AFLDASR 
and the AFLDASK*. ■ The conditions employed 
correspond to the concentration of mobile phase (0-05% 
(v/v) TFA and 32.6% (v/v) acetonitrile) at which the 
peptides were eluted in gradient mode. 



The present Invention exploits fee guanidination reaction to inter alia provide 
improvements to the teclriiique of Gygi et at and WO 00/1 1208. 

•i 

25 Figure 1 depicts the guamdination of lysine, typically at around pH 10 or 

greater, into fcomoargrainib using O-methyl isourea. Figure 2 depicts a modified scheme 
in accordance with the intention in which guandination of a macromolecule 1 having a 
lysine functionality is perfpnned using an isourea derivative 2, producing a homoarginine 
derivative 3. The macro|iolecale 1 can be, for example, a peptide or a protein. The 
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isourea derivative 2 is a 



12- 



Mnding reagent provided by the present invention in which X is 
an affinity label that selectively binds to a capture reagent It is possible to utilise an 
isourea derivative 3 in # lace of isourea derivative 2, in which Lisa linker moiety and X 
has the meaning describ ud in relation to derivative 2. 

- ' j 

In a genejal sense, the invention provides methods and reagents for 
selectively binding and j rapturing macromolecules having a lysine functionality. Once 
bound and captured a mat sromolecule can be analysed, by a suitable technique such a& mass 
spectrometry or a spectra scopic method. In important embodiments the invention provides 
analytical reagents and analytical methods for the isolation, purification and identification 
of proteins and peptides m mixtures of proteins and peptides. The method employs 
binding reagents which i :xploit the reactivity between lysine amino groups and isourea 
derivatives to isolate, pnjrify and determine peptides and proteins present in a mixture. 
Homoaxginine derivatives are created which isolate lysine containing proteins and 



15 peptides. 



Figure 3 sho vs a scheme for quantifying differential protein expression. Two 
protein mixtures 1 0, 12 vl hich represent different cell slates are treated with chemically 
identical, isotopically different binding reagents 14, 16. Thus, a first protein mixture 10 
may be treated with an is rtopically "light" reagent 14, and a second protein mixture 12 
may be treated with an isoj opically "heavy" reagent 16, Guandination produces a mixture 
ofhomoarginihe derivativi $ IS, which, by virtue of the binding reagents utilised, is "lighf 9 
and a mixture of homoanpnine derivatives 20 which, by virtue of the binding reagents 
utilised, is "heavy*** The mixtures 18, 20 are combined, and proteins (including those 
forming part of the homoirginine derivatives) are digested to peptides using techniques 
which are well known in this art The homoarginine derivatives (now comprising peptides) 
are isolated using a separation technique commensurate with the nature of the affinity 
label, such as a chromatographic technique. The isolated homoarginine derivatives are 
then separated and analjrsed using a chromatographic technique such as liquid 



EEaaase 
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chromatography and mass spectrometry (LC-MS). Micro / nano capillary liquid 
chfotnatography (pLC)! can be used. 

Identical pi ptides emanating from the mixtures 10, 12 give rise, to chemically 
idfinlic^ homoarginine d erivatives which more or less coelute from the LC. However, due 
to the "light 3 ' and "heavj nature of the binding reagents, these homoarginine derivatives 
have different moleculai masses which are identifiable in the mass spectrum at different 
values of mass-to-charge ratio. Thus, relative quantification of protein expression is 
possible by comparing ibe relative abundances of the ion peaks corresponding to the 
"tight" and "heavy" honi oaiginine derivatives. MS/MS analysis of the elutants provides 
sequence information >w hicfc enables identification of the protein through computer 
searching of the experinrt ntally obtained sequence information against databases. Further 
details of suitable analysi schemes can be found in WO 00/1 1208 and CSygi etal. It is also 
possible to perform identification of proteins and peptides using MS/MS without 
determining relative profej in expressions, in which instance isotopic variants of the binding 
reagents arc not required! 

Isotopic var iants of a binding reagent can be prepared by incorporating 
different isotopes into the linker moiety, such as is generally described in WO 00/1 1208 
and Gygi et aL One sohbme involves deuteration of a hydrogen containing backbone. 
Additionally, or altamath/j sly, it is possible to utilise l *N at one or both of the N positions 
in the isourea moiety. 

In place of cjiromatographic isolation and separation, it may be possible to 
utilise other capture techni pies in order to separate the homoarginine derivatives from the 
original sample. For exaii ple> the affinity label might be attached to a solid surface or a 



matrix. In a related embocj 
to a matrix su6h as shown! 



iment, the binding reagent may be linked to a solid support or 
in Figure 4. La such a scheme, it is possible to move proteins 
present in the sample whic} l do not react with the binding reagent in a washing procedure. 
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slid support, proteins can be digested in situ with a proteolytic 
enzyme and analysed dkrecfly, such as by mass spectrometry. The reaction scheme is 
amenable to automatic 



15 



20 



la further Embodiments of the invention, calibrations are performed using 
samples containing knqLn concentrations of proteins, in order to obtain a quantitative 
relationship between peptide signal obtained during analysis and the absolute amount of 
protein present in the sample. 



10 Methods 



The following synthetic path can be used to synfhesise binding reagents. 



Preparation of biQtm-2.4S-6-tettrafluoroohenvl ester 



The method is described 
S3, using 2 as a residue. 



page 43 of WO 00/1 1208, synthesis number 2 displayed at page 



Synthesis and preparation of Pn9M '*N and 1S N Q-meftyb'sourea solution 



The methodidescribed is a modification of a procedure by Burgoyne eta! to 
synthesise a similar compound (Burgoyne, D L, J Org Chem. 2000, 65, 152-155). A. 
25 solution of 60 mg (ImmoD "N (or ls $S) urea (Aldrich, Milwaukee, WT) in 95 nL (126 mg, 
lmmol) of dimethyl sulfate (Aldrich, Milwaukee, Wl) was heated and agitated at 50°C for 
5 hours. 250 jdL of acetojhe was added and the solution was stirred for 1 hour, 1 mL of 



diethylether (Aldrich, 
stirred. The top layer wai 



waufcee, WI) was men added and the resulting mixture was 
discarded and the addition of diethylether was twice repeated 
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to afford ~60mg (-100 
The product was 



Paction between biptfr 
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tL) of O-mefhyliscrurea hemisulfete salt (-0.5 mmoi, 49% yield), 
dissolved in 900 )xL of water to give a~0.5M solution. 



2.3.5.6 - tetraflTiorophenvl ester and O-methvlisnntea 



The reacticj a is shown in Figure 5. Biotin-2,3 ,5,6-Tetiafluorophenyl ester 4 
is reacted with O-methyl isour&a 5 to produce a binding reagent 6 through reaction of the 
primary amine on 5 witlj the ester moiety on 4. 

The biotin c ontaining binding reagent 6 is conveniently used in coqjunction 
with avidin affinity chro natograpttic techniques. 

Example 



During analysis of peptide mixtures, many factors influence electrospray 
response. Selective suppi ession of ion signals hampers quantification of all components 
observed in the spectrum. | An investigation was performed into the effect of the C-terminal 
amino acid oft electtospray ionisation (ESI) response of peptides. More specifically, the 
ionization efficiency of ly| me, arginine and homoargimne terminal peptides and the effect 
of limited niodificationiin peptide structure on differences in ESI response were 
invi "* 1 



experiments were. perfbijn< 
(Shimadzu, Japan) 
constant during the 
for a total of twelve sell 



Interleukia, VQGEESNDK (Sigma), AFLDASR and AFLDASK with purity 
25 >96% (New England Peptide Inc) were used in concentrations of 2-20 prnol/jiL All 

led on a single quadruple mass spectrometer LGMS-2010 
> fitted vJJith an electrospray source. Source conditions were maintained 
i analysis. Data was acquired in selected ion monitoring mode (SIM) 
lions* Components were separated on a Phenomenex Luna 



jyais. 
!ecfaJ 
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C i8 column (2S>mm idxj 

TFA (v/v) for the aqueoifs phase and acetorutrUe^ter (9: 
(v/v) for the organic 
deliver solveirt at a flow 



Kesris 



Completeness of gnandi lation reaction. 



In order to a 



-16 



mm). Jxy gradient mode, mobile phase composition was 0.05% 

:1 v/v) jncoiporating 0.05% TFA 
e. LClOADVp HPLC pumps (SMmadzu, Japan) were used to 
rate of 250^1/mijL 



erify the absence of starting material, lysine containing peptides 



treated with methylisouj ea were loaded onto a C 18 column and subjected to liquid 
chromatography prior tolJS analysis. The separation has two advantages: first, it removes 
the excess of 0-methyli$ourea which interferes negatively wilt the ionisation process- 
Second, all components # i the reaction mixture are resolved and eluted separately into the 
mass spectrometer. Subse quant detection by ES/MS allows comparison and quantification 
of the relative intensities j of lysine and its homoarginine terminal counterpart Figure 6 
illustrates LC/ES-MS ajialysis of lysine terminal standard peptides treated with 
methylisourea. Selected ic m monitoring (SIM) on four specific marker-ions corresponding 
to the singly and doubly charged iona of lysine and homarginine terminal peptides was 
used to monitor whether; peaks in the total ion chromatogram contain lysine terminal 
peptides* 



These results 



demonstrate that the guanidation procedure is quantitative. 



25 LC-MS analysis of mixtures containing lysine and argmine terminal peptides. 



The completeness of guandination allows preparation of homoarginine 



terminal peptide solutions 



with known concentrations. Binary mixtures containing the 



same quantity of lysine terminal peptide and its analogous homoarginine terminal 
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counterpart were prepafed and a comparison between title two ion signals is performed. 
Figure 7A shows an MS chromatogram of 20 praole of intexleulrin with its gaanidinated 
analogue during LC separation followed by ES, The conditions employed during the 
chromatographic separatj on (composition of mobile phases, gradient profile, etc) were kept 
identicaHo those used irj the previous experiment (see Figure 6). Total ion chromatogram 
(TIC) traces of homoaigij wane terminal peptides (corresponding to the sum of the singly and 
doubly charged ion sign] lis) have higher relative intensity than lysine terminal ones- The 
main contribution is due Jo the relative ES response of the doubly charged ion peaks. This 
observation is also mattej with an equimolar mixture of AFLDASK with its gaanidinated 
counterpart AFLDASK*! (Figure 7B). 



LS-MS analysis of a: 
terminal counterpart * 



re containing AFLDASK, AFLDASR and its homoarginine 
)ASK* 



15 To investigate haw 

arginine terminal analoj 
ion chrornatograms of a 
and the hombarginine t< 
detection. The arginine 

20 higher than the correspo: 
arginine. By 
AFLDASK*, the latter oi 



variations in peptide structure may affect signal intensity, the 
AFLDASR was added to the mixture. Figure 8 indicates the 
rtution containing 3 1 .5 pinole each of AFLDASK, AFLDASR 
derivative AFLDASK* separated by LC prior to MS 
dual peptide displays an ion chromatogram with intensity 
|dmg AFLDASK in accordance with the higher basicity of the 
the two sets of peptide ions produced by AFLDASR and 
\ generally displays ion signals with higher intensity. Unlike the 



lysine and arginine/j homoarginine terminal peptides (AFLDASK vs 
25 AFIJ3ASRyAFU>ASK*)|where the difference in ionisation efficiency can be related to 
the higher stabilisation ojr the protenated peptide, in flic case of the AFLDASK and 
AFLDASK* flie difference in BS response cannot be simply related to the effect of the 
guanidino group as both a :e identical. The difference can be attributed to the increased 
level of proton solvation p ovided by the extra methylene group in the peptide backbone. 



% 31/95/2002 12: 19 +44-161-4802622 



MCNEIGHT & LAWRENCE 



PAGE 23^26 



15 



20 



Effect of isocratic 
peptide ions. 




. -18- 

t on ESI response of AFLDASK, AFLDASR and AFLDASK* 



The effect of co-elution < >f three peptides on their ESI response was studied. The mixture 
5 previously analysed (see Figure 8) was run isocratically. The mobile phase was prepared 
with the same composite >n used to ehrte AFLDASR, AFLDASK and AFLDASK* in the 
gradient mode. Hence, n< > separation is achieved and all three peptide elute simultaneously 
into tfce mass spectrom rter. None of the ion signals in die MS cbromatogram are 
suppressed compared wit i the ion signals observed in the LOMS experiment (see Figure 
10 8). The co-ptesence of fjiree peptides different in gas/phase basicity shows no effect on 



their ESI response. F: 



iguif 
I 



9 displays MS chromatpgrams of AFLDASK, AFLDASR and 



AFLDASK* for singly aj Ld doubly charged protonated ions. 
Conclusions 



The comple teness of the conversion of lysine into homoarginme enables 
quantitative evaluation of mow C-ternrinus modification affects ESI response. Gtzanidation 
produces variation in eithjkr gas phase basicity (between lysine and homoarginine) or in 
peptide structure (betweeli arginine and homoatgmine) resulting in an enhanced signal 
intensity for the guanidinaj ted peptide. Co-elution and concomitant ionisation of all three 
peptides shows no effect < a the relative ESI responses. 
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